Abstract: Hypertension has become increasingly common among adolescents. This study aimed to investigate the prevalence of hypertension and its association with anthropometric indexes among pre-university students. This was a cross-sectional study carried out among pre-university students of a public university. Anthropometric measurements were conducted using mobile stadiometers, digital body fat scales and measuring tapes. Body fat percentage was measured with a body composition analyzer, and blood pressure was determined using digital blood pressure monitors. Statistical analyses were done using Statistical Package for Social Sciences (SPSS) Statistics 20. A total of 218 respondents participated in the study. The prevalence of hypertension at risk was 7.3%, which was higher among males (16.7%). About 22% of the respondents were overweight and obese. The majority of males had a normal waist circumference (WC) (75.9%), but almost half of females had a WC value in the unhealthy category (47.0%). Females had higher conicity indexes and body fat compared to males. Respondents who were found to have hypertension at risk had a higher prevalence of being overweight and having unhealthy WC and waist-to-height ratio and had high conicity indexes and a high percentage of fat.
Introduction
Based on the latest estimation, there are approximately 4.8 million Malaysians with hypertension (1) . Results of the National Health and Morbidity Surveys (NHMS) in 2006 and 2011 revealed an increase in the prevalence of hypertension in Malaysian adults more than 18 years old from 32.2% in 2006 to 32.7% in 2011 (2) . This health issue not only affects adults but has become increasingly common among adolescents (3) . Local studies report that the prevalence of hypertension in adolescence is between 11.6% and 33.1% (4, 5) . Hypertension in adolescence if not controlled can persist into adulthood, leading to adverse health outcomes including cardiovascular diseases such as atherosclerosis, coronary artery diseases, cerebrovascular diseases and left ventricular hypertrophy (6) (7) (8) .
The relationship between hypertension and anthropometric indicators is evident. Overweight and obesity are related to an elevated systolic and diastolic blood pressure in adolescents. A study by Schiel et al. (9) demonstrated that the blood pressure of overweight and obese children was significantly higher than that of normal children. Thus, being overweight or obese puts children and adolescents at risk of developing hypertension. Significant association was also found in another study between blood pressure and body mass index (BMI) among adolescents, suggesting obesity is a strong risk factor for developing childhood hypertension (10) . The study further emphasized that obese adolescents have higher ambulatory blood pressure and higher carotid artery intimal-medial thickness, which may be an early sign of obesity-related hypertension. A longitudinal study among adolescents in the US found a higher risk of hypertension among those who were chronically overweight/obese compared with those of normal weight within the same timeframe, supporting the likely association between childhood obesity and hypertension in adulthood (11) .
As a country that is in a fast development stage, Malaysia is facing challenges in combating non-communicable diseases like any other developed country. The latest statistics showed Malaysia is now the fattest country in Southeast Asia (12) and is ranked by the World Health Organization (WHO) as sixth in Asia with the highest obesity rate in adults. It was reported that there were more than 2.6 million obese adults and more than 477,000 overweight children below the age of 18 in Malaysia (13) .
Assessment of overweight and obese can be conducted in many ways. In addition to the use of the BMI, body fatness is another chief standard in the determination of obesity (14) that can be used to determine the health status and cardiovascular risk of an individual. An excess of body fat, particularly abdominal fat, is linked to cardio-metabolic morbidity (15) (16) (17) . Other methods of measuring central obesity such as waist circumference (WC) can be used. Throughout the years, accumulating evidence has shown that abdominal obesity is positively related to the risk of cardiovascular disease.
The conicity index (CI) is another index of central obesity that evaluates WC in relation to height and weight (18) (19) (20) . Literatures has showed that CI is a good predictor of hypertension and a useful index of body fat distribution in adolescents (18) . A study of 660 adolescents aged 14-19 years-old in Brazil found that CI is predictive of an increased total cholesterol (TC) level in boys and a low high-density lipoprotein (HDL) level in girls (19) . Within the same BMI categories, individuals with high WC values have an increased likelihood of hypertension, diabetes, dyslipidaemia and metabolic syndrome compared with those with a normal WC (21) . Waist-to-height ratio (WHtR) is another indicator of central obesity based on the ratio of waist circumference to height (22, 23) . It is a useful indicator that can detect overweight children and adolescents who are more likely to have cardio-metabolic risks (24) . Li et al. (25) reported that individuals of both sexes with normal BMIs or WCs and an increased WHtR have higher metabolic and cardiovascular risks than those with a normal BMI or WC and low WHtR.
The adolescence stage is a significant period of growth and maturation. It is within this period of time that alterations or changes can be made to prevent health problems in later life. As this is the first time they enter college and are away from home, they often are faced with decisions on how to take care of their health. Understanding their health status and early detection of CVS risk factors can help the relevant health authorities intervene before it is too late. The purpose of this study is to determine the prevalence of hypertension and its association with anthropometric indexes among adolescents aged 18-19 years in a public university.
Materials and methods
This was a cross-sectional study of the pre-university students of Universiti Malaysia Sarawak (UNIMAS). The study was conducted from December 2013 to January 2014. Under the pre-university program, students are given the choice to take subjects in the life or physical sciences stream. The main objectives of the program are to allow indigenous students who have graduated with a Certificate of Education (SPM) to enter UNIMAS and to serve as a feeder to the university's undergraduate (Bachelor's Degree) programs.
There were 708 students enrolled for the program. Based on the formula of n = z α 2 P(1-P)/d 2 (24) , with a 10% attrition rate, a total sample size of 174 was needed. Wheelchair-bound students and students with diagnosed hypertension were excluded from the study.
Prior permission to recruit the respondents was obtained from the office of the Dean of Pre-University. After the time and place of data collection were confirmed, we advertised in online social media and made flyers to be placed in the pre-university's residential colleges, weeks before the day of data collection. Students were informed on the proper attires to be worn for the anthropometric and blood pressure measurements. On the day of data collection, we briefed the students regarding the aims, procedure and protocols of the research. Consent forms were distributed to obtain their consent.
For data collection, a self-administered questionnaire was used and anthropometric and blood pressure measurements were taken. The questionnaire consisted of information on socio-demographic characteristics (age, race, gender, state of origin and course undertaking). For anthropometric data and blood pressure, measurements including height, weight, BMI, WC, WHtR, CI, body fat percentage and systolic and diastolic blood pressure were carried out. Height and weight were measured twice using a Seca 213 mobile stadiometer and a Seca Sensa 804 digital body fat scale, respectively. Both measurements were taken to the nearest 0.1 unit. BMI was calculated and plotted onto BMI-for-age percentiles charts for both genders based on the 2007 WHO Reference (26, 27) .
WC was measured twice using a measuring tape to the nearest 0.1 cm, after which the average value was calculated. For WC, the cut-off points to indicate abdominal obesity were > 90 cm for men and > 80 cm for women (27) . WHtR was calculated by dividing the waist circumference value with height. A healthy WHtR was indicated by a value equal to or < 0.5 (23) . The CI was calculated using the formula:
The cut-off points were 1.13 for males and 1.14 for females (28) . Body fat percentage was measured with a TANITA SC-240MA portable body composition analyzer. The classification of healthy body fat and over-fat was based on Gallagher et al. (29) .
Blood pressure was measured using the Omron HBP-1100 Professional Portable Blood Pressure Monitor. Two measurements were taken at an interval of 1 min, from which their average value was calculated. If the difference between the two readings exceeded 5 mm Hg, one additional reading was taken and the average of the three readings was used. As blood pressure was measured in one data collection, a value equal to or more than 140 mm Hg and 90 mm Hg, respectively, were considered to be at risk for hypertension (2) . Any respondent who was at risk for hypertension was referred to a medical doctor for further investigation.
All statistical analyses were performed using Statistical Package for Social Sciences (SPSS) Statistics 20.0. For descriptive analysis, percentage, mean and standard deviation were used. For inferential analysis, χ 2 and Fisher's exact tests were used to find the association between two categorical variables. The independent t-test was used to compare the mean values of continuous variables. For all analysis performed in the study, the confidence interval was 95%, and a p-value of < 0.05 was considered to be statistically significant.
The study was approved by the Medical and Ethical Committee of Universiti Malaysia Sarawak (UNIMAS/TNC(AA)-03.02/06-11 Jld.3) (1). All the respondents were briefed regarding the research before consent was obtained. They were also informed about the purpose of this research, the procedures and protocols, benefits of the research, the confidentiality of their personal information and their rights to take part or withdraw from this research at any time.
Results
The study population comprised 218 respondents with 75.2% of them being female. The mean age was 18.2 years (SD 0.40). The main ethnic group was Malay (77.1%). More than one-third (36.2%) of the respondents originated from Sarawak. A majority of them took the life sciences course (68.8%). Detailed information on the participants' socio-demographic backgrounds is presented in Table 1 . Those who were at risk for hypertension consistently had poorer anthropometric profiles, exhibiting a higher prevalence of overweight, unhealthy WC and WHtR, high CI and being over-fat. More males than females were found to be at risk for hypertension. Using χ 2 /Fisher's exact test, the results indicated there were significant associations between hypertension risk with gender (p < 0.01), BMI (p < 0.01), WHtR (p = 0.036) and body fat (p < 0.01).
Logistic regression was undertaken to examine the impact of gender, WC, body fat, WHtR, CI and BMI on hypertension risk. Table 4 shows the results of this analysis. The full model containing all predictors was statistically significant, X 2 (3, 218) = 28.12, p < 0.001, indicating that the model was able to distinguish between respondents who had hypertension (hypertension = 1) and those who were normal (hypertension = 0). This model containing the six independent variables explained 1.2% (Cox and Snell R square) and 0.30 (Nagelkerke R-squared) of the variance in hypertension. It was also able to classify 92.7% of the cases. The result further indicated sex and 
Discussion
This study investigated the prevalence of hypertension risk and its associated factors among pre-university students in a public university. Based on the mean value of systolic and diastolic blood pressures, all respondents were found to be in the healthy range, with male respondents reported to have higher mean systolic and diastolic blood pressures. This is consistent with a study carried out by Rampal et al. (5) . One possible reason for the lower mean blood pressure in females is the vasodilatative and cardiovascular protective effects of estrogen in females and the presence of higher androgen levels in males (30) . High levels of androgens such as testosterone have been linked to higher blood pressure (31) . However, at the individual level, 7.3% of the respondents were found to be hypertensive at risk, which was lower than previous local studies that had recorded a range between 11.6% and 33.1% (4, 5) . This study showed a higher proportion of hypertension risk among males (53.7%).
In terms of anthropometric measurement, 21.6% of the respondents were found to be overweight. Male respondents were found to have a higher mean value of BMI compared to female respondents. This finding is consistent with the findings of Ma et al. (32) , where a higher BMI in male students could be attributed to a larger skeletal muscle mass due to their involvement in sports (21) . Male respondents were also found to have higher WCs, consistent with the findings by Poh et al. (33) . Despite this, the majority of males had a normal WC, in contrast to females, of whom almost half were centrally obese with WC > 80 cm. This finding is contrary to the findings of other studies from Spain and China, which reported more boys with central obesity based on WC (34, 35) . Apart from that, both the male and female respondents had the same mean WHtR value of 0.5. This differs from the findings of McCarthy and Ashwell (22) , who reported a higher WHtR value among adolescent boys, and the findings of Beck, Lopes and Pitanga (28) , who demonstrated that the girls had a higher value of WHtR. Nonetheless, at the individual level, almost half of the respondents were found to have an unhealthy WHtR value.
A study carried out among Venezuelan adolescents showed that boys had a higher CI compared to girls (36) . Our findings did not support that result. As there is not a suitable anthropometric indicator using CI in Asian adolescents, it is inconclusive to interpret this result. Moreover, the proportion of respondents with high CI did not tally with the findings from WC. Therefore, further investigations are required to explore the discriminatory power of CI in detecting central obesity among Asians.
The findings of this study strengthen the results of previous studies that reported that females had a higher body fat percentage (37) . The difference may be explained by the higher body fat requirement for hormonal and childbearing purposes in women (38) .
Obesity measured in the form of BMI, WHtR and overfat have been noted to be associated with hypertension (15) (16) (17) , the observed findings in the present study only supported BMI and sex. Respondents who are male and overweight were found to have the highest risk of hypertension. This finding contradicted studies carried out by Ujunwa et al. (39) , where the prevalence of hypertension was higher among female adolescents. One possible explanation is that our samples were adolescents from the same age group and had completed their pubertal development, where reaching puberty, as commonly occurs among females first, is shown to be associated with risk of hypertension. BMI, however, showed a positive association with hypertension risk as evidenced in many studies (15) (16) (17) . This was partly due to the classification of BMI based on age and gender, unlike adults' classification of obesity, which is based on only one cut-off point at 25 kg/m 2 . Furthermore, BMI is generally associated with the onset and development of risk factors that can predispose adults to non-communicable disease risk factors, in addition to being widely used and correlated to body fat (40) .
WC is accepted in literature as a useful tool to measure visceral fat and can be a strong predictor of hypertension in childhood and adolescence. This fact is not evidenced in this study. This could be due to the mean WC of our samples, which was relatively healthy at 81.3 cm (SD 10.17). When we stratify the WC further according to gender, the female mean WC was 80.7 cm (SD 9.56), which slightly exceeds the healthy cut-off point of 80 cm. The male mean WC was 83.2 cm (SD 11.72), which was still in the low risk zone as it did not exceed the recommended healthy cut-off point of 90 cm. The findings also indicated an absence of significant association between WHtR, as reported previously in other studies (41) . In an adult study, using magnetic resonance imaging, WHtR was reported to be a weak predictor of visceral fat change (42) . Furthermore, according to Hill et al. (43) , the pelvic bone structure of adolescents undergo rapid alterations during the sexual maturation process, therefore WHtR might not be the best predictor for metabolic alterations compared to body fat itself.
One of the limitations of the present study was the focus on pre-university students restricted to the Malays and indigenous people of Sabah and Sarawak. Despite this, the variety of the respondents' place of origin reflects the involvement of all the states in Malaysia. The other limitation is the present unavailability of international standards to classify WC, WHtR and CI for adolescents. Nevertheless, the outcome of this study placed an importance on understanding the relationship between anthropometric indicators and hypertension among adolescence.
Conclusion
Although the results indicated BMI as the only anthropometric indicator associated with hypertension in this sample, it is still important to combine BMI with other anthropometric indicators such as WC, WHtR and body fat to predict cardiovascular dysfunction (43) . The finding implied that hypertension in adulthood may have its origin in adolescence. It is therefore important to conduct regular screenings among this group of individuals and initiate early treatment for those affected to avoid further complications in later life.
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